[1] We examine the photochemical processes governing the production of ozone in 10 smoke from large Siberian fires that formed in July 2006 using colocated O 3 and 11 CO profiles as measured by the Tropospheric Emission Spectrometer as well as NO 2 and 12 aerosol optical depths as measured by the Ozone Monitoring Instrument. The Real-Time 13 Air Quality Model (RAQMS) is used to explain the observed variations of O 3 . Enhanced 14 levels of ozone up to 90 parts per billion (ppbv) are observed near and away from 15 the Siberian fires (60°N and 100°E) when sunlight and NO x are available. We also observe 16 significantly low O 3 amounts (less then 30 ppbv) in the smoke plume from Siberian fires 17 in conjunction with optically thick aerosols. Despite this wide variance in observed ozone 18 values, the mean ozone value for all observations of the smoke plume is close to 19 background levels of approximately 55 ppbv in the free troposphere. Using RAQMS we 20 show that optically thick aerosols in the smoke plume can substantially reduce the 21 photochemical production of ozone and this can explain why the observed mean ozone 22 amount for all plume observations is not much larger than background values of 55 ppbv. 23 However, the anonymously low ozone amounts of 30 ppbv or less point toward other 24 unresolved processes that reduce ozone below background levels in the plume.
25 Citation: Verma, S., et al. (2009) , Ozone production in boreal fire smoke plumes using observations from the Tropospheric Emission 26 Spectrometer and the Ozone Monitoring Instrument, J. Geophys. Res., 114, XXXXXX, doi:10.1029 
Introduction

29
[2] Long-range transport of smoke emissions from boreal 30 fires can increase the atmospheric abundance of pollution 31 over population centers. Prior studies [Wotawa and Trainer, 32 2000; Forster et al., 2001] [Jaffe et al., 2004; Morris et al., 2006] , the central North
48
Atlantic [Lapina et al., 2006] and Europe [Simmonds et al., 49 2005]. The understanding of how boreal fires impact 50 tropospheric O 3 is difficult, however because O 3 production 51 in boreal fires is highly variable [Mauzerall et al., 1996;  [5] The TES instrument is an infrared Fourier transform 83 spectrometer that measures the thermal emission of the 84 Earth's surface and atmosphere over the spectral range 85 650 -2250 cm
À1
. It was designed to provide simultaneous 86 vertical profile retrievals of tropospheric O 3 , CO and other 87 trace gases on a global basis [Beer et al., 2001; Beer, 2006] . 88 The nadir footprint is 5.3 km across the spacecraft ground 89 track and 8.5 km along track for the 16-detector average 90 [Beer et al., 2001] . TES has two basic science operating 91 modes: Global Survey and Special Observations. Global 92 Surveys are conducted every other day while special obser-93 vations are taken as needed in between Global Surveys. We 94 used global survey observations of TES O 3 and CO 95 obtained between 20 July and 12 August 2006 with a nadir 96 sampling of $1.6°spacing along the ground track.
97
[6] The analysis presented here utilizes TES version 003 98 data [Osterman et al., 2005] . An overview of the TES 99 retrieval algorithm and error estimation are discussed by 100 Bowman et al. [2006] and the characterization of errors and 101 vertical information for individual TES profiles are dis-102 cussed by Worden et al. [2004] and Kulawik et al. [2006] . 103 The vertical resolution of TES nadir O 3 retrievals is about 104 6 km for cloud-free scenes, with sensitivity to both the 105 lower and upper troposphere [Worden et al., 2004 [Worden et al., 2007] and lidar [Richards et al., 2008] . [Boersma et al., 2008] . 
295
[17] Figure 3b shows aerosol optical depths as observed 296 by OMI between 100 and 130°E longitude and 50 and 75°N 297 latitude. The TES orbit track is also shown as a red curve 298 over AOD values and the location of the TES observations 299 are shown as diamonds overlaying the orbit track. The 300 aerosols provide corroborating evidence that the observed 301 air parcel interacted with the boreal fire plume. In fact, the 302 largest values of AOD between 100 and 110°E and 60 -70°N 303 correspond to the fire locations as seen by the MODIS fire 304 count data in Figure 1 . Back trajectories from the locations of 305 the TES observations (Figure 2b) Figure 3b , indicate the availability of O 3 precursors 311 and sunlight for photochemical production of O 3 .
312
[18] In order to better examine O 3 and CO variations 313 within the plume we next average the CO values over those 314 altitudes where CO is larger than 120 ppbv and the diagonal 315 of the averaging kernel is larger than 0.05 and the sum of 316 the diagonals (also known as the degrees of freedom for 317 signal) is larger than 0.5 for CO in the troposphere. The O 3 318 concentrations averaged over these same altitudes are 319 shown in Figure 3c for observations that meet the above 320 criteria. The total error estimates, calculated using the total 321 error for each profile, averaged over the selected altitudes 322 [Worden et al., 2006] , is also shown. We find the total error 323 for these averaged quantities are about 8 -12% for O 3 and 324 6 -10% for CO; these uncertainties are sufficient for resolv-325 ing the observed O 3 and CO variations. For this plume cross 326 section, we observe values ranging from 130 to 180 ppbv for 327 CO and approximately 35 to 90 ppbv for O 3 . There appears to 328 be no correlation between the O 3 and CO amounts. aircraft observations [Real et al., 2007; Mauzerall et al., 391 1996; Val Martin et al., 2006] . 423 emissions reach 34 ppb/day). The peak O 3 mixing ratios 424 within the fresh wild fire plume in the model of nearly 425 140 ppb is significantly larger than observed by TES which 426 shows peak values of 90 ppb in the vicinity of the wild fire 427 plume (see Figure 3a) . 
468
[27] We investigated the impact of aerosols on O 3 pro-469 duction rates within the wild fire plumes using the RAQMS Figure 9 . Same as in Figure 8 but with aerosols.
